Objective: To measure parental tolerance for a falsepositive newborn screening result by assessing perceived quality of life for screening results and health states associated with expanded newborn screening programs for metabolic disorders.
F
ORTY-SEVEN STATES CURrently conduct expanded newborn screening programs for metabolic disorders. 1 The introduction of tandem mass spectrometry has allowed for screening of additional disorders from a single disk of the newborn blood specimen with little additional testing cost. 2 Although early diagnosis of these conditions leads to improved treatment and health outcomes, expanded screening also results in a significant increase in the number of false-positive screening results. 3 Estimates of the number of false-positive screening results for each true-positive screening result range from 12 to 60 or more, depending on the specificity of individual tests included in the panel. 3, 4 A false-positive screening result is defined as an out-of-range result that, after further follow-up testing, is not shown to indicate a metabolic disorder.
Metabolic disorders covered in newborn screening panels occur infrequently, but the consequences of undetected conditions can be substantial. For example, MCADD (medium-chain acyl coenzyme A dehydrogenase deficiency) has an annual incidence of approximately 1 in 17 000 US births and, if untreated, can lead to developmental delay and death. Early identification and dietary treatment, which includes avoidance of fasting and avoidance of intake of medium-and long-chain fatty acids, usually prevent these outcomes. 5 Despite projected benefits of newborn screening, potential negative consequences are also possible. 6 Repeating the initial screening test following an out-ofrange result may cause stress and anxiety for parents of newborns and may have a long-term effect on the parent-child relationship. 7, 8 Given the potential for continued expansion in the number of disorders included in newborn screening programs, cost-effectiveness analyses should include a full accounting of the psychological and financial costs associated with false-positive screening results. 9 Psychological and financial costs may also be associated with the treatment of disorders identified through newborn screening. Dietary treatment, which differs by disorder, can range from avoidance of fasting to extremely restrictive low-protein diets. Long-term adherence to these regimens can be challenging for children and their families. 10 This study examined losses in health-related quality of life associated with a falsepositive newborn screening result, comparing parents of children who experienced a false-positive screening result with parents of children with normal screening results. In addition, parents were asked to value health states associated with an undiagnosed metabolic disorder (ie, hospitalization, developmental delay, and dietary treatments).
METHODS

SURVEY PROTOCOL
We conducted 30-minute surveys with 2 populations in Massachusetts and Pennsylvania: parents of children who received a false-positive newborn screening result and parents of children with normal screening results. Parents of children who received a false-positive screening result were enrolled by a private screening laboratory in Pennsylvania and by metabolic centers in Massachusetts when follow-up testing was performed. Parents of children with normal screening results were randomly selected from the Commonwealth of Massachusetts Department of Public Health Birth Registry of Vital Records and Statistics for live births from December 1, 2004 , through September 30, 2005 . Birth registry data, from which parents of children with normal screening results were selected, include only children born to married couples. We interviewed 1 parent from each family by telephone. Surveys were conducted from October 1, 2004, through January 31, 2006. Human studies approval was obtained for all aspects of the study from the institutional review boards at Children's Hospital Boston and Harvard Pilgrim Health Care.
Parents were presented with 5 descriptions: (1) the experience of one's child having a false-positive newborn screening result; (2) a hospitalization for an undiagnosed metabolic disorder; (3) a child with significant developmental delays; (4) a child with a metabolic disorder that required a protein-restricted diet, as in phenylketonuria and other disorders of amino acid metabolism; and (5) a child with a metabolic disorder that required frequent feeding and carnitine supplementation, as in many of the fatty acid disorders (Figure 1) . Parents of children who had experienced a false-positive screening result were asked to recall the experience of the false-positive screening result. Parents of children with normal screening results were provided with a hypothetical description of the false-positive screening result.
This study used a preference-based approach to measure healthrelated quality of life. Preference-based approaches provide a summary value for a respondent's valuation of the quality of life of a particular health state, incorporating positive and negative aspects of a health state into a single number. The 2 most commonly used approaches for valuing preferences in health are utilities and willingness to pay. A utility value is typically scaled from 1.0 (representing perfect health) to 0.0 (representing a health state judged equivalent to being dead, although health states worse than death can be scaled at Ͻ0). The willingness-to-pay approach measures the value of health outcomes using dollars. Costeffectiveness and cost-benefit analyses use such preferencebased measures to establish a metric for assessing how people perceive or value specific health states. [11] [12] [13] Preferences (values) for health state descriptions were elicited using time trade-off and willingness-to-pay questions in response to hypothetical or experienced health scenarios. Time trade-off questions required the respondents to indicate the amount of time they would be willing to lose from their own life to prevent a specific health event in their child (Figure 1 ). Time trade-off amounts are preference-based measures and can be transformed into utilities. 13 Theoretically, time trade-off amounts provided by respondents should be lower for less severe health states (respondents willing to give up less time) and higher for more severe health states. Willingness-to-pay questions required respondents to state the maximum amount of money they would be willing to pay to prevent a health event in their child. In our study, for both time trade-off and willingness-to-pay questions, respondents were asked whether they would be willing to pay a specified opening bid (such as 1 week or $20) . Depending on the answer to the first bid, the respondents were asked to respond to either a higher or lower second bid, which was then followed by a final open-ended question about their maximum willingness to trade time from the end of their lives or willingness to pay in dollars from money Parents of community sample: Imagine when your newborn baby was 1 week old, you received a phone call from your pediatrician telling you that the baby has possibly tested positive for a metabolic disorder and needs to get another test to check the result. You need to bring the baby to the doctor's office to have blood drawn for another test. One week later, you receive a letter or a phone call to tell you that the second test was negative for the metabolic disorder. Your baby requires no further follow-up related to this test.
Hospitalization due to undiagnosed metabolic disorder:
Your 1-year-old child wakes up in the morning but still seems extremely sleepy and unable to be aroused. You take the child to the emergency room because you know that something is terribly wrong. The doctors in the emergency room do not know what is causing your child's symptoms. Despite being admitted to the hospital, your child seems to get worse over the next 3 hours and remains unresponsive. Your child is given an IV (intravenous line) in order to receive fluids and some nutrition. After 2 days, your child slowly regains consciousness. After 4 days, your child is released from the hospital and seems to have fully recovered.
Strict dietary treatment plan for diagnosed metabolic disorder:
Your 2-year-old child needs to eat something every 4 to 6 hours. At times, your child requires being awakened several times during the night to be fed snacks when he or she is ill. This sleep disturbance makes you and your child exhausted and irritable. Leaving the child with others is not easy to do because it is hard to find someone who will remember to feed your child often enough and to follow the feeding routine.
Without frequent feedings, your child could suffer a metabolic crisis and go into a coma. Throughout your child's life, he or she will have to remain on this or a similar diet and not be able to go more than 4 to 6 hours during the day without eating. You are never free of worry.
Developmental delays due to a metabolic disorder:
Imagine your 2-year-old child is not walking and has difficulty with balance and coordination. Your child is not yet saying words and often becomes frustrated at not being able to communicate with you and has frequent tantrums. Your child has been referred to early intervention services. A nurse or occupational therapist comes to your home once a week and works with your child on motor tasks and provides you with a series of exercises that you must complete with your child twice a day.
At age 13, your child has significant learning disabilities and cannot keep up with regular coursework. He or she continues to need special classes in school and specialized services like occupational therapy. Your child will have significant difficulties in high school and will not be able to go to college. You have been told that your child will be able to get a job and live somewhat independently.
Diet that does not allow high-protein foods for diagnosed metabolic disorder:
Imagine that starting when your child was diagnosed as an infant with the metabolic disorder, he or she must avoid eating foods that contain protein. This means that your child is not allowed to eat meat, fish, chicken, dairy products (milk, cheese, pizza), eggs, and nuts. Your child also cannot have most store-bought breads and desserts. Only measured amounts of fruits and vegetables are permitted. In order to have enough protein to grow on, your child needs to drink a formula several times a day, which has a strong and unpleasant smell and taste. A few mistakes with the diet may not be harmful. However, if the diet is not followed for extended periods of time, your child risks mental retardation. Your child will have to remain on this or a similar diet for life. that was available to them at the time of the interview. Respondents were randomized to 4 different groups of opening bids to minimize anchoring bias, 14 in which the amount of the opening bid can influence the final value of time or dollars. For example, initial bids for the time trade-off questions in 1 version were 2 days, 1 week, 2 weeks, or 1 month. Parents were explicitly instructed to include changes in their own healthrelated quality of life due to a hypothetical scenario. Specifically, parents were asked to consider their own pain and suffering, inconvenience, and lost time for productive activities attributable to their child's illness or the need for a subsequent newborn screening test when responding to the questions (Figure 2) .
Data on sociodemographic characteristics, respondent's health status, whether the respondent's child had experienced any of the described conditions, and family composition were also collected. Parents whose children experienced a falsepositive screening result were also asked to state the reason for the follow-up test. 8 All parents completed the Parental Stress Index (detailed results are reported elsewhere).
7,8
STATISTICAL ANALYSIS
Summary statistics for time trade-off amounts, utilities, and willingness to pay were calculated separately for the 2 respondent groups. For the time trade-off analyses, we calculated discounted time trade-off values using the estimated remaining life expectancy of each respondent and a discount rate of 3% per year. By dividing the discounted time trade-off amount by the discounted life expectancy for each respondent, we calculated the disutility for each health state. The term disutility refers to the decrease in quality of life from perfect health associated with a health state. For example, if a certain health state has a utility of 0.95, the disutility for this health state is 0.05. Utilities were calculated by subtracting disutility amounts from 1. Differences in time trade-off or willingness-to-pay amounts between parents of children with false-positive screening results and parents of children with normal screening results were evaluated using the Kolmogorov-Smirnov test. 15 Observations were excluded if the interviewer classified the interview as invalid (ie, the respondent was unable to understand the questions and responses were mostly missing) or if orderings of the health states were illogical (ie, the amount traded for avoiding a temporary hospitalization was greater than or equal to the amount traded for avoiding lifelong developmental delay). 16, 17 A secondary analysis, which included illogical responses, was conducted to evaluate the sensitivity of results to this exclusion rule. 18, 19 The effects of respondent characteristics on time trade-off and willingness-to-pay amounts were evaluated using estimated random effects from the generalized linear mixed models version of Poisson regression (Stata statistical software, version 9; Stata Corp, College Station, Texas). Dependent variables included in the models were respondent age, number of children in the family, whether another child in the family had a chronic medical condition, race/ethnicity, respondent type, educational level, social class, marital status, self-reported health, and employment status. We also evaluated the effect of opening bids. Regression analyses also evaluated whether a parent's understanding of the correct reason for a follow-up test or scores on the Parental Stress Index were associated with time trade-off or willingness-to-pay values to avoid a false-positive screening result while controlling for other respondent characteristics.
RESULTS
PARTICIPANTS
The final sample included 91 parents of children with a false-positive screening result and 50 parents of children with a normal screening result. This sample did not include 11 refusals, 5 invalid interviews, and 13 respondents with illogical response patterns excluded from the total sample. Some respondents were excluded from the time trade-off analyses but included in the willingnessto-pay analyses or vice versa, depending on whether exclusion criteria were met.
The median age of the screened child was 8.5 months for the false-positive group and 7.4 months for the normal screening group. Respondents in the false-positive group were more likely to be nonwhite, to be unmarried, and to a have lower socioeconomic status ( Table 1) .
TIME TRADE-OFF AND WILLINGNESS TO PAY
The median time trade-off amount to avoid a falsepositive screening result was 0 for parents of children with false-positive screening results, whereas parents of children with normal screening results were willing to trade more time, with a median time trade-off amount of 1 week (P =.07) ( Table 2) . Of parents of children with falsepositive screening results, 57% were not willing to trade any time to avoid a false-positive screening result compared with 33% of parents of children with normal screening results. The median disutility was 0 for an experienced false-positive screening result and 0.0011 for the hypothetical false-positive screening result (on a scale where 0 disutility would represent no change from perfect health). The median willingness to pay to avoid a false-positive screening result was also significantly lower for parents whose child experienced a false-positive screening result ($0) than for parents of children with normal screening results ($100) (PϽ .001) ( Table 2) .
For both populations, dietary treatments and developmental delay elicited higher time trade-off and willingness-to-pay amounts compared with ratings for experiencing a false-positive newborn screening result or short-term hospitalization due to an undiagnosed metabolic disorder. Mean time trade-off amounts to avoid a short-term hospitalization were 8.8 months for parents of children with false-positive screening results and 2.6 months for parents of children with normal screening results ( Table 3) . For developmental delay, the mean discounted time trade-off amount was somewhat higher for parents of children with normal screening results (60.3 months) compared with parents of children with falsepositive screening results (46.8 months); however, time trade-off results were not significantly different across the 2 groups of parents. Mean disutilities ranged from 0.028 for short-term hospitalization to 0.202 for developmental delay (Table 3) . Mean disutilities were much higher than medians because of the skewness of the responses.
Willingness-to-pay results showed similar patterns across health states and respondent groups and were also not significantly different between the 2 respondent groups (Table 3) . Including respondents with illogical response patterns yielded similar results (additional information available from the authors). The only significant difference was a higher time trade-off amount for avoiding a shortterm hospitalization when illogical responses were included for parents of children with a normal screening result. Time trade-off and disutility amounts were not consistently higher or lower when illogical responses were included. Willingness-to-pay values were lower when illogical responses were included but not significantly different from the primary analysis.
In the multivariate regression analysis, respondent sociodemographic characteristics did not have a significant effect on time trade-off or willingness-to-pay responses except that families with more children in the family responded with lower willingness-to-pay and timetrade off amounts (P=.049). Scores on the parental stress index were not correlated with time trade-off or willingness-to-pay responses. Knowing the correct reason for the follow-up test was also not associated with time tradeoff or willingness-to-pay amounts to avoid a falsepositive screening result.
COMMENT
As newborn screening programs increase the number of metabolic disorders included in the panel, the incidence of false-positive screening results will increase. 3 Our results indicate that parents have a high tolerance for falsepositive newborn screening results. More than half of the parents in the false-positive screening result group were not willing to pay anything to avoid false-positive screening results. Willingness-to-pay amounts for parents who had experienced a false-positive screening result were significantly lower than those for parents of children with normal screening results, suggesting that the falsepositive screening result experience was not as bad as imagined by those who had not experienced it. Scores on the Parental Stress Index were not associated with time trade-off or willingness-to-pay responses, suggesting that, given the consequences of a metabolic disorder, parents are willing to tolerate the stress.
Some parents, however, were willing to trade or pay relatively high amounts to avoid the false-positive screening result experience. These were the parents who appeared to have less knowledge of newborn screening. Knowledge of the correct reason for the follow-up blood test was not associated with time trade-off or willingnessto-pay amounts for parents whose children had experienced a false-positive screening result, but our sample size was small. Additional research should focus on whether education for parents to improve understanding of newborn screening could mitigate loss in quality of life associated with false-positive screening results.
These findings are consistent with other studies 7, 8 that have shown some increase in parental stress associated with a false-positive newborn screening result. From an economic perspective, the loss in health-related quality of life associated with a false-positive newborn screening result appears small for most respondents and may not have a substantial effect on the results of economic evaluations of newborn screening for metabolic disorders. One study 20 of the cost-effectiveness of screening for MCADD assumed a much higher disutility for a false-positive screening result (0.03) and still yielded favorable costeffectiveness results for the screening program.
It is possible that our study design, in which participants were interviewed 6 months after the resolution of the false-positive screening result, may not have fully captured the stress and anxiety experienced during the waiting period. In addition, the description of a false-positive screening result in this study did not include any possible long-term effects, such as increased worry for the health of a child who experienced a false-positive screening result, as was found in the larger follow-up study. 7 Substantial quality-of-life losses, as measured by time trade-off and willingness-to-pay amounts, were associated with developmental delay, a known outcome of many metabolic disorders. We also measured considerable quality-of-life losses for dietary treatments required to treat metabolic disorders. To our knowledge, the loss in quality of life for dietary treatments has not previously been 
